The main aim of this research was to determine the amount of bioactive compounds and antioxidants, as well as differences in chemical composition between six cabbage cultivars. Also, the amount of pigment compounds and relationship between chromaticity parameters between selected cabbage cultivars was determined. The significant differences (P≤0.0001) of all analyzed chemical parameters were determined. According to the obtained results of pigment composition, white cabbage cultivars contained the higher amounts of total chlorophylls (average 3.15 mg*g -1 fresh weight), while red cabbage cultivars contained the higher amounts of anthocyanins (average 696.08 mg*kg -1 fresh weight). Red cabbage cultivars contained the higher amounts of biologically active compounds. Average values of total phenols, total flavonoids, non-flavonoids and vitamin C were as follows: 172.45 mg GAE*100 g -1 fresh weight, 88.88 mg GAE*100 g -1 fresh weight, 83.59 mg GAE*100 g -1 fresh weight and 28.49 mg*100 g -1 fresh weight. Higher antioxidant capacity was determined in red cabbage cultivars. On average, in red cabbage cultivars even 3.9 times higher antioxidant capacity was determined compared to the selected white cabbage cultivars.
Introduction
Cultivated cabbage cultivars show high variability in morphological characteristics and are divided into two main groups, white (Brassica oleracea var. capitata f. alba), common name for cabbage of green leaves and red cabbage (Brassica oleracea var. capitata f. rubra) (Singh et al., 2006) . The characteristic color of fruits and vegetables is result of presence of natural pigments, therefore in white cabbage cultivars dominate chlorophylls (Fernández-León et al., 2010) while in red cabbage cultivars anthocyanins (Arapitsas et al., 2008) . Cabbage is widely used for nutrition, primarily due to significant bioactive and antioxidant properties as well as anti-inflammatory and antibacterial action (Cartea et al., 2011; Šamec et al., 2011) . Besides polyphenols, main bioactive compound in plants from Brassicaceae family is vitamin C one of the most important micronutrients (Martín-Belloso and Fortuny, 2011) . Significant biological activity also express pigment compounds such as chlorophylls, carotenoids and anthocyanins (Hsu et al., 2013) . The aim of this study was to determine the amount of bioactive and pigment compounds, antioxidant capacity and differences in basic chemical composition between selected white and red cabbage cultivars. Namely, similar researches of nutritional composition are rarely based on the differences between cultivars which differ by color, shape, texture and in general in the chemical composition. The results of this research can be used as a basis for the future researches of chemical composition and the content of bioactive compounds in cabbage cultivars which is due to the positive impact on human health increasingly popular ingredient in dietary supplements.
Materials and methods

Plant material
The research included four white ('Bravo F1', 'Bronco F1', 'Slava', 'Farao F1') and two red ('Maestro F1', 'Primero F1') cabbage cultivars bought at the local market (Zagreb, Croatia). Mentioned cabbage cultivars were bought at the local market. In the laboratory the cabbage samples (n=10 for each cabbage cultivar) with mechanical damage and visible signs of spoilage were separated. Before chemical analysis, the samples of cabbage cultivars were chopped with the laboratory homogenizer. Prepared samples were stored at 4 °C for one day until intended analysis.
Determination of chromaticity parameters
The color intensity of outer and inner cabbage leaves was determined with ColorTec PCM+ colorimeter (USA) by CIELAB method. Colorimeter is the three stimulus device, which means that color parameters are described by three numeric values: L, a and b. Value L indicates the intensity of light or darkness and L=0 if there is no reflection which suggesting the presence of black color, while L=100 reflection is the highest which suggesting the presence of white. Value a indicates the intensity of red or green color, so the negative a values (-a) indicate the presence of green color and a positive values (+ a) the presence of red color. Value b indicates the intensity of yellow or blue color, respectively the negative values (-b) indicates the presence of blue color and positive values (+ b) the presence of yellow.
Determination of chemical composition, pigment and bioactive compounds content and antioxidant capacity
The analysis of basic chemical composition of selected cabbage cultivars were conducted according to the protocol of standard methods (AOAC, 1995; 2002) , and included determination of following parameters: dry matter content (%), total soluble solids (%) by refractometer (A. Krüss, Germany), pH-value by pH-meter (MettlerToledo, Switzerland), total acids (%) by potentiometric titration, vitamin C content by titration with 2,6-p-dichlorindophenol. Total phenols content (mg GAE 100 g -1 fresh weight) were determined by Folin-Ciocalteu colorimeter method (Ough and Amerine, 1988) , total chlorophylls content (mg*g -1 fresh weight) by spectrophotometer (Shimadzu, UV 1650 PC) according method per Holm (1954) and Wetsttein (1957) ; total anthocyanins content (mg*kg -1 fresh weight) by method of disulfite bleaching (Ough and Amerine, 1988) and antioxidant capacity by spectrophotometer using the ABTS radical cation (2, 2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)), (Re et al., 1999) .
Statistical analysis
Statistical analysis was performed using the SAS® version 9.3 (2010). Treatments were arranged in a randomized complete block design with 3 replications. Data were subjected to the one-way analysis of variance (ANOVA) according to the treatment structure. Mean values were compared by t test (LSD), and considered significantly different at P≤0.05. Correlation analysis was performed in order to determine the nature and intensity of relationships between pigment compounds and color parameters in vitro. Correlation value was numerically shown by Pearson's coefficient (r) while the significance of the coefficient was expressed by P value. Correlation coefficients with P≤0.05 were considered significant. 
Results and discussion
Basic chemical composition
The results of basic chemical composition of selected cabbage cultivars are shown in Table 1 . There were significant differences in all analyzed parameters between tested cabbage cultivars. Dry matter content (DM) of selected cultivars was in range from 7.43% ('Bronco F1') to 12.42% ('Slava'). The vegetable crops in average contain 3 to 6.7% DM (Srilakshmi, 2003) . Results obtained in this research are in agreement with Salo et al. (2000) which state that cabbage dry matter content varies from 8.1 to 16.3% DM. According to the mentioned average content of cabbage dry matter, results obtained in this study are in agreement with literature data. Relatively high values of DM in selected cabbage cultivars show a high nutritional value of cabbage as vegetable crop. The total acid content (TA) was in range from 0.04 ('Farao F1') to 0.1% ('Maestro F1'; Table 1 ). According to Hui et al. (2010) the average TA in vegetable crops does not exceed 0.1 do 0.2%. Results of TA in this study show significant differences between white and red cabbage cultivars. The red cabbage cultivars in average contained a higher values of TA compared to the white cabbage cultivars. Namely, red cabbage cultivars also contained a higher amount of vitamin C (ascorbic acid) which significantly contributed to the increase of TA. In accordance with low total acids content, pH values in analyzed cabbage cultivars were in range from 6.05 ('Slava') to 6.42 ('Primero F1') which is in agreement with results obtained in other studies (Kalač et al., 2000; Haque et al., 2006) . Total soluble solids (TSS) were in range from 6.23 ('Bronco F1') to 8.5% ('Slava'; Table 1 ). Obtained results of TSS in this research significantly varied depending on the cabbage cultivar. Obtained values of TSS were higher than results stated by Haque et al. (2006) and Žnidarčič et al. (2007) thus can be concluded that the genetic characteristics of certain cultivars show a significant impact on the TSS content. The ratio between total soluble solids and total acids (TSS/TA) is very important in the flavor formation for consumption of fresh fruits and vegetables. If the TSS/TA ratio is higher, the taste is more acceptable for consumers (Belitz and Grosch, 1999) . According to the obtained results, the highest TSS/TA ratio was recorded in cultivar 'Farao F1', while the cultivar 'Maestro F1' stood out with the lowest TSS/TA ratio. In general, in white cabbage cultivars the higher TSS/TA was determined. 
Bioactive and pigment compounds
In Table 2 are shown the results of pigment compounds content. Statistically significant differences (P≤0.0001) between cabbage cultivars were determined. The total chlorophyll and carotenoid content was only determined in white cabbage cultivars. Chlorophylls are, with carotenoids and anthocyanins, the most widespread plant pigments in nature. There are two different chemical forms of chlorophyll: bluegreen chlorophyll a and yellow-green chlorophyll b (Chen, 2015) . Mentioned chlorophyll types can be found in most green vegetables such as broccoli and cabbage (Fernández-León et al., 2010) . In this study, in all white cabbage cultivars the total chlorophyll content was in range from 3.83 (Bronco F1) to 15.31 mg*g -1 ('Bravo F1'). The chlorophyll content in vegetable crops is strongly influenced by growing conditions, general ecological factors and genetic characteristics (Gross, 1991) which is the main reason for such wide range of total chlorophyll content between different cabbage cultivars. The carotenoids are source of yellow, orange and red pigments in fruits and vegetables (Podsędek, 2005) . In this study, carotenoids are determined only in white cabbage cultivars ( Table 2 ). The highest concentrations of carotenoids are contained in plant tissues with higher chlorophylls content (Chen, 2015) which is also confirmed by results of this research. Carotenoids content was in range from 0.15 ('Bronco F1') to 0.42 mg*g -1 ('Slava') and obtained results are in agreement with other literature data (Muller, 1997) . Anthocyanins are determined in both red cabbage cultivars and cultivar 'Slava' which was expected due to green-purple leaves. Other literature data cited the lower anthocyanins content (Wang et al., 1997) (Wu et al., 2006) . The results of studied bioactive compounds in selected cabbage cultivars are shown in the Table 3 . High significant statistical difference (P≤0.0001) between analyzed cabbage cultivars was determined. The vitamin C content was in range from 7.02 ('Bronco F1') to 29.46 mg*100 g -1 of fw ('Maestro F1'). In red cabbage cultivars significantly higher values of vitamin C content were determined compared to the white cabbage cultivars, except cultivar 'Slava'. Other literature data cites contrary values of vitamin C content in different cabbage cultivars (Singh et al., 2006; Park et al., 2014 ) mainly due to the differences in the cabbage genetic characteristics and different ecological factors during cultivation. Phenol compounds are, with vitamin C, the most important antioxidants in species of Brassica genus (Podsędek, 2005) . Plant phenols are multipurpose, have different biological activities besides acting as reducing agents (Rice-Evans et al., 1997; Hui et al., 2006; Ignat et al., 2011) . Total phenols in selected cabbage cultivars were in range from 24.76 ('Bronco F1') to 174.38 mg GAE*100 g -1 of fresh weight ('Maestro F1') with determined high statistical difference (P≤0.0001) between cultivars. On average, in red cabbage cultivars even 4.4 times higher values of total phenols and 2.8 times higher values of vitamin C were determined compared to the white cultivars. According to Leja et al. (2010) red cabbage cultivars contain more total phenols than white cultivars. From the white cabbage cultivars, cultivar 'Slava' emphasizes with the highest total phenol content. Considering to the highest total phenol value the highest value of non-flavonoid and flavonoid was determined in cultivar 'Maestro F1'. The lowest non-flavonoid value was recorded in cultivar 'Bronco F1' while flavonoid in cultivar 'Farao F1'. Leja et al. (2010) determined the flavonoid content in the range from 8.3 to 8.8 mg*100 g -1 fw for white cabbage cultivars and 23.3 to 55 mg*100 g -1 fw for red cultivars. In this research, significantly higher values of flavonoid were determined. The total phenol, non-flavonoid and flavonoid content showed that analyzed cabbage cultivars, especially red cultivars have high nutritional value. The antioxidant activity within Brassicaceae family is in correlation to the content of vitamin C, total phenols, anthocyanins and carotenoids (Hounsome et al., 2009 ). Variation in antioxidant activity within Brassicaceae family can be caused by many factors: differences in cultivars, the maturity state, cultivation methods, the substrate condition and the storage conditions (Kurilich et al., 1999; Jeffery et al., 2003) . Tested cabbage cultivars differed significantly (P≤0.0001) in the antioxidant capacity. The lowest antioxidant capacity was determined for cultivar 'Bronco F1', while cultivars 'Maestro F1' and 'Primero F1' had the highest determined values. In general, the red cabbage cultivars on average had 3.9 times higher antioxidant capacity compared to the white cultivars. From white cabbage cultivars, 'Slava' stood out with the highest determined antioxidant capacity. The difference between white and red cabbage cultivars in antioxidant capacity is expected due to higher content of vitamin C and total phenols in red cabbage cultivars. Also, red cabbage cultivars contain a higher anthocyanin content which are a very important antioxidants. The results of this study are similar with the results of other researches (Kusznierewicz et al., 2008; Šamec et al., 2011) . Original scientific paper DOI: /10.5513/JCEA01/19.3.2077 Voća et al.: Bioactive compounds, pigment content and antioxidant capacity of selected cabbage...
Chromaticity parameters
In Table 4 and Table 5 the chromaticity parameters of cabbage leaves (outer and inner) are shown. According to the results, a high statistical difference (P≤0.0001) of chromaticity parameters (L, a, b) between cultivars are determined. In white cabbage cultivars the presence of green and yellow color was determined. According to the obtained chromaticity parameters, cultivar 'Bronco F1' had the brightest and most uniformly colored outer and inner leaves of head. The darker green color of outer leaves, compared to the cultivar 'Bronco F1', had cultivar 'Farao F1', followed by 'Slava' and 'Bravo F1'. According to the results of L values of outer leaves color (Table 4) , cultivar 'Bronco F1' shows the lightest coloring shade, while 'Bravo F1', the darkest shade. It was determined that there is no strong connection between color of outer and inner head leaves. The darkest green color of inner head leaves was determined for cultivar 'Slava'. Cultivars 'Maestro F1' and 'Primero F1' had the lowest L values, the positive a values and negative b values of the outer and inner head leaves. The obtained results are in agreement with its specific red coloration. Obtained results of chromaticity parameters (L, a, b) completely correspond to the visual characteristics of cultivars. In Tables 6, 7 and 8 are shown correlation coefficients (r) between chromaticity parameters L, a, b and pigment compounds content (total chlorophylls, total carotenoids and anthocyanins) in cabbage cultivars. Depending on the color parameter and cabbage cultivar, mainly significant differences in the relationship between outer and inner color leaves of cabbage heads were not determined. Also, significant relationships were not determined between the color of outer and inner cabbage leaves and the content of anthocyanins, chlorophylls and carotenoids with a few exceptions. For cultivar 'Bronco F1' the significant relationship between color parameters (L, a, b) of inner leaves and anthocyanin content was determined, respectively the negative correlation coefficients confirms that cultivars with higher L values, negative a values and positive b values had a lower anthocyanins concentrations. Also, for cultivar 'Maestro F1' significant correlation between total chlorophyll and carotenoid content and color parameters of outer and inner leaves was determined. The negative correlation coefficients confirm that red cabbage cultivars with determined lower L values, positive a values and negative b values did not contained the significant amounts of chlorophylls and carotenoids. 
Conclusions
The results of study show a significant differences in cabbage cultivars. White cabbage cultivars had a significantly higher values of total chlorophylls (chlorophyll a and b) and carotenoids while in red cabbage cultivars mentioned pigments were not determined. The anthocyanins were dominant in red cabbage cultivars but presence of red pigments were also determined in white cultivar 'Slava'. The obtained results of researched plant pigments in selected cabbage cultivars are in agreement with the results of the chromaticity parameters. According to the bioactive compounds content, in red cabbage cultivars significantly higher values of vitamin C and total polyphenols was recorded and based on the higher content of bioactive compounds red cabbage cultivars show a significantly higher antioxidant capacity.
